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Abstract 
Monodispersed magnetite (Fe3O4) nanoparticles were synthesized. 
Transmission electron microscopy study shows that the nanoparticles are in the shape 
of Wagner-Seitz crystals. The magnetite nanoparticles self-assemble into body-
centered cubic superlattice, in which the nanoparticles have the same crystallographic 
orientations. Shape plays a very critical role in controlling the orientation of the 
nanoparticles in the superlattice. Both the self-assembly and self-orientation of 
nanoparticles are important for technical applications. This can also act as a 
complement to conventional lithography techniques. 
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Introduction 
Conventional top-down methods are only competent for the nanostructure 
design at the upper end of the nanoscale, whereas bottom-up techniques can reach 
much smaller scale.1 Therefore, to construct nanostructures using monodispersed 
nanoparticles as building blocks for nanoscience and nanotechnology has advantages 
over the lithographic techniques. For instance, the superlattice of magnetic 
nanoparticles is one of the most promising candidates for high-density magnetic 
storage media.2  Self-assembling to regular patterns is desired for both scientific 
studies and technological applications. The microscopic mechanism for self-
organization of nanocrystals has been extensively investigated.3-7 The interparticle 
attractive van der Waals force induces the self-assembly, whereas the steric 
interaction provides the balancing force to create stable structures.8, 9 Various 
macroscopic patterns have been reported, such as ordered two-dimensional2, 10, 11 and 
three-dimensional superlattices.1, 12, 13  
In this paper, we report a study of the superlattices of monodispersed magnetite 
nanoparticles.14, 15 It was found that the nanoparticles have a truncated octahedral 
shape that plays an important role in the assembling. The stable assembly is a body-
centered cubic (bcc) superlattice, in which all the nanoparticles are 
crystallographically aligned. The self-orientation of the nanoparticles in the self-
assembled superlattice is critical to many applications of magnetic nanoparticles, such 
as in information storage. As a complement to conventional lithography, the self-
assembly and orientation has wide application in various fields. 
Experiments 
Magnetite nanoparticles were synthesized following Sun et al14 with small 
modifications. Fe(acac)3 (150mg) was mixed in dioctylether (10 mL) with 1,2-
hexadecanediol (250 mg), oleic acid (0.06 ml), and oleylamine (0.06 mL) in glove 
box under argon. Under mechanic stirring, the reactant was heated to 280oC for 30 
min. 20 mL ethanol was added after the reactant was cooled to room temperature. 
Dark-brown precipitate (magnetite seeds) was acquired after centrifugation. 25 mg 
seeds were dissolved in 10 mL dioctylether and mixed with (Fe(acac)3 (150mg), 1,2-
hexadecanediol (250 mg), oleic acid (0.06 mL), and oleylamine (0.06 mL). The 
mixture was heated to 280°C for 30 min. with mechanical stirring. After the mixture 
was cooled to room temperature, it was treated with ethanol, and a dark-brown 
material was precipitated from the solution. The product was dissolved in hexane and 
reprecipitated with ethanol to give uniform Fe3O4 nanoparticles.  
The Fe3O4 nanoparticles dispersed in hexane were dropped on carbon film 
coated copper grids. The self-assembly formed as the hexane evaporated and its 
morphology and structure were investigated by means of transmission electron 
microscopy (TEM). The Fe3O4 nanoparticle solution was poured in a capsule and put 
in a Quantum Design SQUID (MPMS-5s) for magnetic characterization. 
Results and Discussion 
The octahedral magnetite nanoparticles assemble to superstructures as hexane 
evaporates. Three kinds patterns of the regular superlattice are found in the self-
assembly, as shown in Fig. 1(a-c). The corresponding fast Fourier transform (FFT) 
patterns of the superlattice are shown in Fig. 1 (d-f), respectively. The FFT patterns 
reveal that the superlattice should have a body-centered-cubic (bcc) structure, 
different from the usually observed face-centered-cubic (fcc).16 Hence the three 
patterns shown in Fig. 1(a-c) correspond to the [001], [101], and [111] projections of 
the bcc superlattice. Electron diffraction was performed to examine the structure of 
the superlattice. Shown in Fig. 3(g-i) are the corresponding electron diffraction 
patterns of Fe3O4 in the Fig. 3(a-c), respectively. The electron diffraction patterns are 
consistent with those of Fe3O4. It is surprising that the patterns are just like from a 
single crystal. In others words, all the truncated octahedral nanoparticles in the 
superlattice have the same orientation. The orientation relationships between Fe3O4 
lattice and nanoparticle superlattice are [001]superlattice//[001]Fe3O4, 
[101]superlattice//[101]Fe3O4, and [111]superlattice//[111]Fe3O4 from Fig. (d-i). 
In order to determine the characteristics of individual magnetite nanoparticles, 
high resolution transmission electron microscopy (HRTEM) images were obtained at 
the main zone axes. Fig. 2(a-c) show the HRTEM images of [001], [101], and [111] 
oriented magnetite nanoparticles, respectively. The orientations can be identified by 
the corresponding FFT patterns of lattices shown in Fig. 2(d-f). It is obvious that the 
nanoparticles are not round. The [001] projection is truncated square, and the [101] 
projection is truncated rhombohedron, while [111] projection is nearly round. 
Therefore, the magnetite nanoparticles should have the shape of truncated octahedra. 
The ratio of truncation is close to Wegner-Seitz crystal. The [001], [101], and [111] 
projections of Wegner-Seitz crystal shown in Fig. 2(g-i) are consistent with Fig. 2(a-
c), respectively. In fact, magnetite crystals with the similar shapes have been widely 
found in biogenic materials,17, 18 where they form a chain with their {111} facets 
aligned along the length  of the chain. 
The growth of nanoparticles is determined by the competition between bulk 
energy (favors growth) and surface/interface energy (favors shrinkage).19 The surface 
energy density of different crystallographic planes is usually different, and a general 
sequence may hold, σ{111} < σ{001} < σ{101}.20-22 The high-index crystallography 
planes usually have higher surface energy. Therefore, the particles tend to be 
surrounded by the low-index planes and form a polyhedron shape. In fact, regular 
octahedra are surrounded completely by {111} planes. Taking the surface area into 
account, the Wagner-Seitz crystals [Fig.3 (a)] may be the reasonable shape of the 
magnetite nanoparticles. 
As mentioned above, the magnetite nanoparticles form a bcc superlattice. Since 
the orientation relationships between Fe3O4 lattice and nanoparticle superlattice are 
also obtained, the bcc unit of the superlattice can be constructed, as shown in Fig. 3(b). 
All the octahedral nanoparticles in the bcc unit have the same orientation. The 
superlattice parameter is about 16.5 nm, which can be obtained from plane spacings 
of the superlattice in Fig. 1(a-c) or reciprocal vectors of the FFT patterns in Fig. 1(d-f). 
In fact, bcc stack of Wagner-Seitz crystals is the most close-packed [Fig. 3(c)]. 
Although the magnetite nanoparticles are not perfect Wagner-Seitz crystals in shape, 
the bcc stack should still be the most close-packed because of the polymer surface 
layer. 
In the assembling of nanoparticles dispersed in solution, they are driven close 
up by the attractive force and, finally, form a stable superstructure under the balance 
of steric interaction between them. The attractive interaction is usually provided by 
van der Waals force.8 In magnetic nanoparticles, magnetostatic interaction, which is 
usually stronger than van der Waals force, may exist and dominate the assembling 
process.23 However, occurrence of magnetostatic interaction depends on the thermal 
stability of the magnetic moment of nanoparticles. If the magnetic moments cannot 
keep their direction during assembling, alternating electromagnetic interaction, 
instead of magnetostatic interaction, will occur here. Therefore, the thermal stability 
of magnetic moments should be studied to certify the existence of magnetostatic 
interaction. The superparamagnetic blocking temperature of the nanoparticle system, 
TB, is about 91 K measured by Quantum design MPMS-5s. According to Arrhenius 
law, the magnetic moments alternate their directions at the frequency of  ~ 106 Hz at 
room-temperature. Therefore, magnetostatic interaction does not play an important 
role in the assembly process at room temperature. 
In the absence of magnetostatic interaction, the van der Waals force solely leads 
the nanoparticles to aggregation. It is the repulsive steric force that stops the 
aggregation. Therefore, the shape of nanoparticles is an important factor by the steric 
force in determining the pattern of assembly. The steric force favors face-face contact, 
rather than edge-edge or apex-apex contact, to form a stable superstructure.22  As well 
know, the size distribution of nanoparticles is critical to get a regular assembly. At the 
same time, shape is the dominant factor in determining the structure of a superlattice. 
To self-assemble to regular superstructures is critical for the applications of 
nanoparticles, such as in high density magnetic data storage. As a matter of fact, self-
orientation is also very important for the applications. The self-assembled and –
orientated superlattices will definitely help nanoparticles advance into more practical 
applications. Since all the octahedral nanoparticles in the superlattice have the same 
orientation, the nanoparticles within the superlattice are just like divided from a whole 
single crystal. The self-assembled superlattice of the small particles at nanoscale is 
also important, as a complement to the conventional lithography.  
Conclusion 
In summary, the synthesized magnetite nanoparticles have the shape of Wagner-
Seitz crystals. The nanoparticles assemble to form bcc structured superlattice by 
themselves. The nanoparticles have the same orientation in the superlattice. The self-
orientation of the nanoparticles in the self-assembled superlattice is critical to many 
applications of magnetic nanoparticles, such as in information storage. As a 
complement to conventional lithography, the self-assembly and self-orientation has 
wide application in various fields. 
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Figure captions 
Fig. 1 
(a-c) are the [001], [101], and [111] projections of the magnetite nanoparticle 
superlattices, respectively; (d-f) are the corresponding FFT patterns of the superlattice 
shown in (a-c); (g-i) are the corresponding electron diffraction of Fe3O4 shown in (a-
c). 
Fig. 2  
(a-c) are the HRTEM images of [001], [101], and [111] oriented truncated octahedral 
nanoparticles, respectively; (d-f) are the corresponding FFT patterns of the HRTEM 
images shown in (a-c); (g-i) show the shapes of [001], [101], and [111] oriented 
Wagner-Seitz crystals. 
 
Fig. 3 
(a) Wagner-Seitz crystals; (b) The schematic diagram of a bcc unit of the superlattice 
composed of Wagner-Seitz crystalss. 
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